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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
continuously manufacturing a single crystal, with which a 
desired temperature gradient can be formed without 
necessitating the movement of a heating source, and the 
temperature distribution in the lateral cross section is 
made uniform by using a temperature gradient furnace. 
SOLUTION: In the method, the single crystal is 
manufactured from a solution by using the temperature 
gradient furnace for imparting a temperature gradient to 
a columnar work in the longitudinal direction. The 
temperature gradient furnace equipped with a heat- 
insulating wall surrounding the periphery of the columnar 
work, a heating section for heating the lower end of the 
columnar work via a heating susceptor, and a cooling 
section for cooling the upper end of the columnar work via a cooling susceptor is used. The 
columnar work is constituted by stacking a raw material rod 10, a solvent 12, a seed crystal 
14, and a supporting rod 16. The temperature gradient is formed in the columnar work so that 
the temperature at the upper end surface of the solvent becomes lower than that at the lower 
end surface of the solvent by heating by the heating section while utilizing the lower end of the 
raw material rod as the lower end of the columnar work, and at the same time, cooling by the 
cooling section while utilizing the upper end of the supporting rod as the upper end of the 
columnar work. Further, the single crystal is continuously grown downward from the seed 
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crystal as a starting point by gradually lowering the heating temperature at the lower end of 
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JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the approach of manufacturing a single crystal by the deposit from a solution using the temperature 
gradient furnace which gives the temperature gradient of the longitudinal direction to a pillar-shaped 
work piece, and the temperature gradient furnace equipped with the adiabatic wall which encloses the 
periphery of the above-mentioned pillar-shaped work piece, the heating unit which heats the lower limit 
of this pillar-shaped work piece through the susceptor for heating, and the cooling section which cools 
the upper limit of this pillar-shaped work piece through the susceptor for cooling as the above- 
mentioned temperature gradient furnace is used, 

Carry out the laminating of the seed crystal supported in the above-mentioned furnace at the raw 
material rod, the solvent, and the lower limit of a bearing bar sequentially from the bottom, and the 
above-mentioned pillar-shaped work piece is constituted. While making the lower limit of this raw 
material rod heat by the above-mentioned heating unit as a lower limit of this pillar-shaped work piece, 
by making the upper limit of this bearing bar cool by the above-mentioned cooling section as upper limit 
of this pillar-shaped work piece, a temperature gradient is formed in the above-mentioned pillar-shaped 
work piece so that an upper limit side may become low temperature to the lower limit side of the above- 
mentioned solvent, 

The manufacture approach of the single crystal using the temperature gradient furnace characterized by 
growing up a single crystal continuously below with the above-mentioned seed crystal as the starting 
point by dwindling whenever [ stoving temperature / of the above-mentioned pillar-shaped work-piece 
lower limit ]. 
[Claim 2] 

The approach according to claim 1 that the above-mentioned solvent is characterized by having the 
melting point of the above-mentioned single crystal source material, or the melting point lower than 
decomposition / sublimation temperature. 
[Claim 3] 

The approach according to claim 1 or 2 characterized by for the above-mentioned raw material rod 
consisting of the substantia-compacta sintered compact of the above-mentioned single crystal source 
material, and containing a dopant as sintering acid. 
[Claim 4] 

An approach given [ to claims 1-3 characterized by arranging the above-mentioned pillar-shaped work 
piece in the cylinder which consists of a heat-resistant ingredient ] in any 1 term. 
[Claim 5] 

An approach given [ to claims 1-3 characterized by arranging the above-mentioned pillar-shaped work 
piece in the well-closed container which consists of a heat-resistant ingredient ] in any 1 term. 
[Claim 6] 

The approach according to claim 4 or 5 characterized by consisting of one sort which the above- 
mentioned heat-resistant ingredient chose from the group which consists of a graphite sintered compact, 
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an alumina sintered compact, a zirconia sintered compact, and a boron nitride sintered compact. 
[Claim 7] 

The approach according to claim 5 characterized by arranging a solvent source of supply in the above- 
mentioned well-closed container. 
[Claim 8] 

An approach given [ to claims 1-7 characterized by measuring the electric resistance between the upper 
limit of the above-mentioned pillar-shaped work piece, and a lower limit, and detecting single crystal 
growth die length based on this measured value ] in any 1 term. 
[Claim 9] 

The approach according to claim 8 characterized by measuring the electric resistance between the upper 
limit of the above-mentioned susceptor for cooling, and the lower limit of the above-mentioned 
susceptor for heating. 
[Claim 10] 

An approach given [ to claims 1-9 characterized by setting up the temperature of the above-mentioned 
solvent directly under / boiling point / this solvent ] in any 1 term. 
[Claim 11] 

An approach given [ to claims 1-10 characterized by being at the growth initiation time of a single 
crystal, preparing a gap between the above-mentioned cooling section and the above-mentioned 
susceptor for cooling, making it synchronize with descent of whenever / stoving temperature / of the 
above-mentioned pillar-shaped work-piece lower limit /, dropping this cooling section and decreasing 
this gap ] in any 1 term. 
[Claim 12] 

An approach given [ to claims 1-11 characterized by dropping the temperature of the refrigerant which is 
synchronized with descent of whenever / stoving temperature / of the above-mentioned pillar-shaped 
work-piece lower limit /, and is supplied to the above-mentioned cooling section ] in any 1 term. 
[Claim 13] 

An approach given [ to claims 1-12 characterized by making the tip section of the cone-like crevice 
formed in the lower limit of the above-mentioned bearing bar generate the above-mentioned seed 
crystal ] in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the approach of manufacturing a single crystal continuously by the deposit from 
a solution using the temperature gradient furnace which gives the temperature gradient of the 
longitudinal direction to a pillar-shaped work piece. 
[0002] 

[Description of the Prior Art] 

In manufacture of the high-definition single crystal as a semiconductor material etc., it is necessary to 
lessen defects, such as a MOZAI city and a rearrangement, as much as possible. Since a defect has the 
close relation to the stability of crystal growth, it is important for it to maintain the proper deposit rate 
according to the matter of a crystal. Therefore, control of the temperature gradient which met in the 
crystal growth direction between the crystal deposit section used as the driving force of a deposit and the 
nature feed zone of a sludge (a gaseous phase, liquid phase) is indispensable. 

as the conventional typical single crystal growth technique ~ a CZ process (Czochrlski method), an FZ 
method (band scorification), a Bridgman method, and TSSG law (the melting raising method) etc. is 
mentioned. 
[0003] 

Also in which approach, some work pieces were heated, the temperature gradient is realized by 
considering others as ambient atmosphere release, and adjustment of the relative location of the source 
temperature of heating, the source configuration of heating, a work-piece (crucible) configuration, the 
source of heating, and a work piece etc. is performing control of a temperature gradient. 
[0004] 

There was a problem in such a conventional approach in respect of the following. 

1) It is difficult to realize a desired temperature gradient. As mentioned above, since it is various, the 
controlling factor, i.e., the fluctuation factor, of a temperature gradient, it is most difficult to stabilize 
and maintain each factor to an optimum state. 

[0005] 

2) Change a temperature gradient by factors other than equipment, such as a work-piece (crucible) 
configuration and a charge of a raw material. Thus, in order that not only an equipment factor but an 
equipment extrinsic factor may participate in temperature gradient control, in order to realize a desired 
temperature gradient, the trial-and-error which repeat count by the design stage and the temperature 
measurement of thing are required. 

[0006] 

3) Equalization of the temperature distribution within a field perpendicular to the crystal growth 
direction is difficult. This is because the sense of the heat flow rate to this vertical plane is not fixed in a 
field. 

[0007] 
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Moreover, since compound semiconductors, such as silicon carbide (SiC) which is capturing the 
spotlight as a semiconductor material which has a high band gap, do not carry out harmony fusion (it 
does not have a melting condition by itself), they cannot apply the single crystal grown method 
deposited from the above melt. 
[0008] 

There is the sublimating method or a solution method as an approach of not using melt. The sublimating 
method is an approach of depositing the single crystal source material made sublimating in the elevated- 
temperature section from a gaseous phase on the seed crystal arranged on the low-temperature section. 
However, since it is the deposit from a lean phase, a single crystal growth rate is small, and since it is the 
flank device in which it grows up to be a curled form from the step of the screw dislocation periphery of 
seed crystal, there is a problem of being hard to avoid formation of a principle top micro pipe. On the 
other hand, a solution method is the approach of being made to dissolve a single crystal source material 
in a solvent enough in the elevated-temperature section, allotting the low-temperature section, making 
appear a supersaturation condition on seed crystal, and depositing. Although the trouble of the above- 
mentioned sublimating method was conquerable with adjustment of solvent concentration, since there 
was a problem of the above 1-3 too and a temperature gradient was changed by the deposit part, it was 
very difficult to obtain a homogeneous high-definition single crystal. 
[0009] 

Then, melting of the raw material which contains at least one sort of metals, and Si and C among 
transition metals is carried out to the patent reference 1 (JP,2000-264790,A) with heating as an approach 
of forming melt by coexistence with other elements, melt is formed, and the method of carrying out 
deposit growth of the single crystal of silicon carbide (SiC) is proposed by cooling this melt. However, 
by this approach, in order to have grown up the single crystal continuously, the source of heating needed 
to be moved continuously and there was a problem of carrying out karyogenesis in coincidence frequent 
occurrence under the effect of the mechanical vibration accompanying it, and polycrystal-izing. 
[0010] 

[Patent reference 1] 
JP,2000-264790,A (claim) 
[0011] 

[Problem(s) to be Solved by the Invention] 

This invention forms the temperature gradient of the request which was suitable for growth of a single 
crystal, without needing migration of the source of heating using a temperature gradient furnace, and 
also equalizes the temperature distribution within a perpendicular field to the growth direction, and aims 
at offering the approach of manufacturing a single crystal continuously. 
[0012] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the single crystal manufacture approach method of this 
invention It is the approach of manufacturing a single crystal by the deposit from a solution using the 
temperature gradient furnace which gives the temperature gradient of the longitudinal direction to a 
pillar-shaped work piece. As the above-mentioned temperature gradient furnace The temperature 
gradient furnace equipped with the adiabatic wall which encloses the periphery of the above-mentioned 
pillar-shaped work piece, the heating unit which heats the lower limit of this pillar-shaped work piece 
through the susceptor for heating, and the cooling section which cools the upper limit of this pillar- 
shaped work piece through the susceptor for cooling is used, 

Carry out the laminating of the seed crystal supported in the above-mentioned furnace at the raw 
material rod, the solvent, and the lower limit of a bearing bar sequentially from the bottom, and the 
above-mentioned pillar-shaped work piece is constituted. While making the lower limit of this raw 
material rod heat by the above-mentioned heating unit as a lower limit of this pillar-shaped work piece, 
by making the upper limit of this bearing bar cool by the above-mentioned cooling section as upper limit 
of this pillar-shaped work piece, a temperature gradient is formed in the above-mentioned pillar-shaped 
work piece so that an upper limit side may become low temperature to the lower limit side of the above- 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/31/2006 



JP,2004-315281,A [DETAILED DESCRIPTION] 



Page 3 of 13 



mentioned solvent, 

By dwindling whenever [ stoving temperature / of the above-mentioned pillar-shaped work-piece lower 
limit ], it is characterized by growing up a single crystal continuously below with the above-mentioned 
seed crystal as the starting point. 
[0013] 

In the approach of this invention, when the single crystal source material of a raw material rod dissolves 
in the lower limit elevated-temperature section of a solvent and deposits in the upper limit low- 
temperature section of a solvent, a single crystal grows below. The location of the temperature gradient 
line in a pillar-shaped work piece descends as a whole with dropping whenever [ stoving temperature / 
of a pillar-shaped work-piece lower limit ]. The location of the solvent inserted into a raw material rod 
and seed crystal (growth edge) at coincidence with descent of the raw material rod upper limit location 
by the dissolution into the solvent of raw material rod upper limit and expanding to the lower part of the 
single crystal growth edge by the deposit to seed crystal (or the single crystal lower limit under growth = 
growth edge) descends. Whenever [ stoving temperature / of a pillar-shaped work-piece lower limit ] is 
dwindled, and the location of a temperature gradient line is dropped so that it may synchronize with 
descent of the solvent location by this crystal growth. Thereby, a single crystal can be continuously 
grown up by descent of a solvent location (conversion location from = raw material to a single crystal), 
without moving the source of heating mechanically. 
[0014] 

[Embodiment of the Invention] 

With reference to drawing 1 , the principle of the approach of this invention of manufacturing a single 

crystal using a temperature gradient furnace is explained. 

[0015] 

First, the example of a configuration of the temperature gradient furnace used for the approach of this 
invention is explained. The illustrated temperature gradient furnace 100 has a cylindrical shape fuselage, 
and has the medial axis of a cylindrical shape fuselage along the vertical direction of drawing, and 
drawing is drawing of longitudinal section in the field containing this medial axis. The cylindrical shape 
fuselage 104 is made from the insulator, and constitutes the furnace space where the centrum 106 is 
effectual. 
[0016] 

In upper limit and a lower limit, the cylindrical work piece W which consists of the raw material rod 10, 
a solvent 12, seed crystal 14, and a bearing bar 16 in the cylindrical centrum 106 is held in the base and 
head-lining side of a centrum 106, where adhesion maintenance is carried out, respectively. The heat 
flow rate which minded the periphery of a work piece W by this is intercepted substantially, and a heat 
flow rate may flow through upper limit and a lower limit. 
[0017] 

The temperature gradient which carries out a temperature fall in monotone towards the upper part from 
the lower part of the temperature gradient W, i.e., a pillar-shaped work piece, which makes the lower 
limit (the lower limit of = raw material rod 10 = heating edge) of the pillar-shaped work piece W the 
highest hot point, and makes the upper limit (upper limit of the = bearing bar 16 = cooling edge) of the 
pillar-shaped work piece W the minimum hot point by this is formed along with the longitudinal 
direction of the pillar-shaped work piece W. 
[0018] 

The lower limit side (lower limit side of the raw material rod 10) WB of the cylindrical work piece W is 
a circular flat surface, and is heated with the induction-heating coil 108 which exists caudad. The 
susceptor 1 10 for heating which intervenes between the induction-heating coil 108 and the lower limit 
side WB of a work piece W consists of disc-like flange 1 10A stuck to the lower limit side WB of the 
pillar-shaped work piece W, and cylinder section 1 10B heated by induction heating. The induction- 
heating coils 108 surround cylinder section 1 1 0B of a susceptor 1 10, and are arranged. By considering 
as such structure, compared with the structure which made the susceptor 110 disc-like [ simple ], 
attainment temperature increases and the homogeneity of distribution also improves further whenever 
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[ field internal temperature ]. 
[0019] 

Moreover, cylinder section 1 1 OB is used as the real target with which at least the direct near part of 
flange 1 10A made except hollow at the shape of a cylinder. The periphery section of cylinder section 
1 10B directly heated with an induction coil 108 as cylinder section 1 1 OB is a solid on the whole 
becomes an elevated temperature, there is an inclination for the core part of cylinder section HOB 
heated only by heat conduction from this periphery section to become low temperature, and it is not 
[ whenever / cross-section internal temperature ] desirable to homogeneous reservation of distribution. 
Like this example, when at least a flange 1 10A direct near part makes except hollow, the homogeneity 
of distribution can be raised further whenever [ field internal temperature ]. 
[0020] 

Thus, between the induction-heating coil 108 and the work-piece lower limit side WB, the heat flow rate 
from the resistance heating coil 108 to the work-piece lower limit side WB is equated by the intervening 
susceptor 1 10 for heating, and the whole work-piece lower limit side WB is equally heated. The 
susceptor 1 10 for heating is produced with the disk of right heat-conducting characteristic metals, such 
as copper, in order to secure high heating effectiveness. 
[0021] 

The upper limit side WT of the cylindrical work piece W is a circular flat surface, and is cooled by the 
water cooling type condensator 1 12 with the circular cooling flat surface which carried out opposite 
arrangement with this. A condensator 1 12 is the gestalt of the cooling jacket produced with right 
thermal-conductivity metals, such as copper, in the example of illustration, Input CLI and the tap hole 
CLO of cooling water are carrying out opening to upper limit, and other parts are watertight 
construction. The heat flow rate from the work-piece upper limit side WT to a condensator 1 12 is 
equated by the susceptor 1 14 for cooling which intervenes between a condensator 1 12 and the work- 
piece upper limit side WT, and the whole work-piece upper limit side WB is equally cooled. Since the 
susceptor 1 14 for cooling needs to secure a moderate cooling operation so that too much quenching may 
be prevented and required garadual cooling may become possible, it is produced with a graphite with 
thermal resistance and adiathermic [ moderate ] etc. 
[0022] 

As both the head arrow head X in drawing showed, the condensator 112 can be movable up and down, 
can adjust spacing deltat with a susceptor 1 14 suitably if needed by this, and it can set it now as the 
required amount of cooling (delta being t= 0 in the example of illustration both adhesion condition). 
[0023] 

The temperature Tb of the work-piece lower limit side WB heated lets the pipe Tl which penetrates the 
core of a heating coil 108 and the susceptor 1 10 for heating pass, and observes it by the pyrometer from 
the exterior (observation optical path: arrow head PB). Based on this observation temperature value, 
whenever [ stoving temperature ] is controlled by adjusting the output of the induction-heating coil 108. 
[0024] 

The temperature Tt of the work-piece upper limit side WT cooled lets the pipe T2 which penetrates the 
core of a condensator 1 12 and the susceptor 1 14 for cooling pass, and observes it by the pyrometer from 
the exterior (observation optical path: arrow head PT). The amount of cooling (cooling reinforcement) 
can be adjusted by adjusting the temperature and the flow rate of cooling water which are supplied to the 
water cooling type condensator 112 based on this observed value. 
[0025] 

By performing heating in the lower limit WB of the pillar-shaped work piece W, and cooling by upper 
limit WT using the susceptor 1 10 for heating, and the susceptor 1 14 for cooling, respectively as 
mentioned above Since heat flow rate distribution in the cross section is made to homogeneity while the 
heat flow rate which passes through the cross section (it is a perpendicular field to a longitudinal 
direction) can be fixed about the overall length of a pillar-shaped work piece While very high linearity 
can be given to the temperature gradient which carries out a temperature fall in monotone upwards from 
the lower part of the pillar-shaped work piece W, the temperature distribution in the cross section are 
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made to homogeneity. 
[0026] 

Next, the principle of the approach of growing up a single crystal continuously by this invention is 

explained using this temperature gradient furnace 100. 

[0027] 

In the approach of this invention, when a single crystal source material deposits in seed crystal (or 
crystal growth tip) through a solvent 12 from the raw material rod 10, crystal growth is carried out. As 
explained above, under monotone and the temperature gradient which carries out a temperature fall 
linearly, the direction of the upper limit of the raw material rod 10 in contact with the lower limit of a 
solvent 12 depends this on only constant-temperature width of face always being maintained by the 
elevated temperature rather than the seed crystal (crystal growth tip) in contact with the upper limit of a 
solvent 12 towards the upper part from the lower part of the pillar-shaped work piece W. The following 
explains this and it is explained in full detail. 
[0028] 

First, as operation preparation, the upper limit of the bearing bar 16 which equipped the lower limit with 
seed crystal 14 is fixed to a furnace crown, the lower limit of the new raw material rod 10 is fixed to a 
blast fiirnace bottom, the solid-state of the matter used for the gap of the raw material rod 10 and seed 
crystal 14 as a solvent 12 is stuck, and it inserts. 
[0029] 

The induction-heating coil 108 and a condensator 1 12 are operated, and monotone and the temperature 
gradient which carries out a temperature fall linearly are made to form along with the longitudinal 
direction of the pillar-shaped work piece W toward the upper part from the lower part of the pillar- 
shaped work piece W. In that case, the liquefied solvent 12 is formed and it is held with surface tension 
between the upper limit of the raw material rod 10, and the lower limit of seed crystal 14. This is the 
same as that of the condition of the zone of melting in the conventional band scorification. 
[0030] 

At the initiation time (elapsed time j= 0) of crystal growth, the interface of the upper limit of the raw 
material rod 10 and a solvent 12 is in height Z10, and a source material dissolves it in the fresh solvent 
12 which does not contain the medium yet from the raw material rod 10 to the concentration 
corresponding to the high solubility of elevated-temperature Tl. The dissolved source material diffuses 
the inside of a solvent 12, and reaches the interface (height Z20) of a solvent 12 and the lower limit of 
seed crystal 14, the supersaturated crystal source material with which only the temperature width-of-face 
deltaT decided by the temperature gradient to elevated-temperature Tl exceeds the concentration 
corresponding to the low solubility in the low low temperature T2 deposits in the lower limit side of 
seed crystal 14 from a solvent 12, and crystal growth starts it. 
[0031] 

In addition, in order to set up the initial temperature of the heating edge (lower limit) WB of the pillar- 
shaped work piece W, and the cooling edge (upper limit) WT, it holds in the condition (delta t=delta tO ! 
=0) of having adjusted the height of the condensator 1 12 which circulated the refrigerant of 
predetermined temperature, and having vacated spacing deltat with the susceptor 1 14 for cooling where 
the output of the induction-heating coil 108 is adjusted, and it waits until the temperature of both ends is 
stabilized. 
[0032] 

If crystal growth initiation is carried out, lower the output of the induction-heating coil 108 
continuously, drop the temperature of a lower limit WB continuously, and it is made to synchronize with 
this, and by dropping a condensator 1 12 continuously, spacing deltat with the susceptor 1 14 for cooling 
will be continuously decreased from initial value deltatO, and the temperature of upper limit WT will be 
reduced continuously. Thereby, low-temperature approach is made to carry out continuation migration 
of the temperature gradient line as a whole, namely, the lower limit WB twist of the pillar-shaped work 
piece W is made to carry out continuation migration of the temperature gradient line as a whole, 
maintaining a temperature gradient to a initial value. The rate of continuation migration of this 
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temperature gradient line is set up so that it may be in agreement with the rate of the crystal growth by 
the dissolution and a deposit of a source material. It asks for both relation by experiment beforehand. 
[0033] 

Thus, with continuation descent of a temperature gradient line, the solvent 12 which are the dissolution 
of a source material and the place of a deposit also carries out continuation descent at this rate, and a 
single crystal continues growth for it continuously below with seed crystal as the starting point. If 
drawing 1 R> 1 explains this, the parallel displacement of the temperature gradient line will be carried 
out to Dl from an initial valve position DO at the time of crystal growth initiation to the elapsed time jl, 
and if [lower limit height / upper limit height] expresses a solvent location to coincidence, it will be 
moved to it from [Z10/Z20] of the first stage [Z11/Z21] in time of day jl. However, the temperature 
gradient between the lower limit and upper limit of a solvent 12 is maintained by initial value deltaT. 
[0034] 

As illustrated, the initial temperature gradient line DO is prescribed by early lower limit temperature / 
upper limit temperature [TbO/TtO], and the temperature gradient line Dl in time of day jl is prescribed 
by the lower limit temperature / upper limit temperature in time of day jl [Tbl/Ttl]. The temperature 
gradient lines DO and Dl are all straight lines, and its poh-renalis-inferior-et-superior temperature 
gradient is always fixed. 
[0035] 

Thus, when a solvent location descends synchronizing with the parallel displacement of a temperature 
gradient, a single crystal can be grown up continuously, without needing mechanical migration. 
[0036] ^ 

What has the melting point of a single crystal source material or the melting point lower than 
decomposition / sublimation temperature as a solvent 12 is used. If the temperature zone (the dissolution 
edge Tl - deposit edge T2) of a solvent 12 is high, the successive range of a solvent will be restricted by 
the permission operation temperature requirement of a furnace 100. By making solvent temperature low 
as much as possible, the single crystal die length in which continuation growth is possible becomes 
large. 
[0037] 

As a raw material rod 10, it can consist of the substantia-compacta sintered compact of a single crystal 
source material, and what contains a dopant as sintering acid can be used. If it does in this way, doping 
will become possible in a manufacture phase at a crystal. Since a solvent is absorbed as a raw material 
rod is porosity, or a solvent reaches a bearing-bar lateral portion by existence of surface irregularity, 
reduction and disappearance of a solvent are attracted and there is fear of a shutdown, let a raw material 
rod be the substantia compacta. 
[0038] 

It is desirable to arrange the pillar-shaped work piece W in the cylinder which consists of a heat-resistant 
ingredient. A gap exists between the fbrnace wall specified by the inner skin of a heat insulator 104, and 
the peripheral face of the pillar-shaped work piece W. Therefore, the heat loss by the radiation from the 
peripheral face of the pillar-shaped work piece W occurs, and it becomes the cause of a homogeneous 
fall of distribution whenever [ fluctuation or cross-section internal temperature ]. [ of a temperature 
gradient ] This inclination is actualized, so that a pillar-shaped work piece major-diameter-izes. 
Consequently, a deposit condition becomes an ununiformity, and installation of defects, such as a 
rearrangement, and in being remarkable, polycrystal-ization occurs. By arranging a pillar-shaped work 
piece in the cylinder made from a heat-resistant ingredient, regularity and a small opening are formed in 
the circumference of the periphery of a pillar-shaped work piece, the stability of a temperature gradient 
and the temperature-distribution homogeneity in the cross section can be secured, defective installation 
and polycrystal-ization can be prevented, and a quality single crystal can be grown up. 
[0039] 

It is desirable to arrange a pillar-shaped work piece in the well-closed container which consists of a heat- 
resistant ingredient. Thereby, homogeneity is secured further whenever [ temperature gradient 
stabilization and cross-section internal temperature ]. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/31/2006 



JP,2004-315281,A [DETAILED DESCRIPTION] 



Page 7 of 13 



[0040] 

One sort chosen from the group which consists of a graphite sintered compact, an alumina sintered 
compact, a zirconia sintered compact, and a boron nitride sintered compact as a heat-resisting material 
which constitutes the above-mentioned cylinder or a well-closed container can be used. Among these, 
especially an alumina sintered compact, a zirconia sintered compact, and a boron nitride sintered 
compact are low emissivity, and are effective in reduction of radiation loss. 
[0041] 

When using a well-closed container, it is desirable to arrange a solvent source of supply to the interior. 
Depending on the class of solvent, or the temperature conditions of operation, reduction of the solvent 
by volatilization becomes remarkable in operation of long duration, and the single crystal die length 
which can be manufactured may be restricted. In such a case, since solvent vapor pressure is easily 
maintainable to a saturation state in a container by arranging a solvent source of supply in the well- 
closed container which held the pillar-shaped work piece, volatilization loss of a solvent can be 
prevented and a long single crystal can be manufactured by prolonged operation. 
[0042] 

The electric resistance between the upper limit of a pillar-shaped work piece and a lower limit can be 
measured, and single crystal growth die length can be detected based on this measured value. Compared 
with the single crystal to grow up, the sintered compact used for a bearing bar and a raw material rod has 
the high electric resistance as the whole by the electric resistance of the existing grain boundary. 
Therefore, the electric resistance of the shaft orientations of a pillar-shaped work piece decreases with 
growth of a single crystal. The growth die length of a single crystal is always detectable using this. 
Moreover, it can ask for the growth rate (fall velocity of = solvent location) in the solvent band range, 
and a solvent impaction efficiency rate and temperature gradient line passing speed can be made in 
agreement from the rate of change of electric resistance using this. 
[0043] 

Electric resistance can also be measured between the upper limit of the susceptor for cooling, and the 
lower limit of the susceptor for heating. When the case where the single crystal to grow up is a major 
diameter, and operation temperature are elevated temperatures, the temperature-distribution 
homogeneity in the cross section may fall under the effect of turbulence of the temperature place by 
installation of a sense terminal. In such a case, the turbulence by turbulence of a temperature place is 
avoidable by measuring through a homogeneous high susceptor whenever [ field internal temperature / 
not the poli renalis inferior et superior of a pillar-shaped work piece but ]. 
[0044] 

It is desirable to set up the temperature of a solvent directly under [ boiling point ] a solvent. The rate of 
crystal growth is decided by the degree of supersaturation. And a degree of supersaturation is 
controllable by the temperature gradient and the difference by the temperature of the solubility of a 
solute (single crystal source material). Solubility is temperature-dependent, and increases by the rise of 
temperature, and the rate of increase also increases it by the temperature rise. Therefore, by making 
temperature of a solvent into an usable maximum temperature by directly under [ of a solvent / boiling 
point ], i.e., the solvent to be used, the maximum degree of supersaturation which can be attained with 
the solvent is obtained, and the rate of crystal growth can be maximized. 
[0045] 

Here, in the explanation which referred to drawing 1 above, it is at the growth initiation time of a single 
crystal, and is preparing gap deltat between a condensator 1 12 and the susceptor 1 14 for cooling, making 
it synchronize with descent of Tb whenever [ stoving temperature / of the lower limit WB of the pillar- 
shaped work piece W ], dropping a condensator 1 12, and decreasing gap deltat, and the fixed 
temperature gradient was always maintained. However, it is not necessary to limit to this and a fixed 
temperature gradient can also always be maintained by dropping the temperature of the refrigerant 
which is synchronized with descent of whenever [ stoving temperature / of the lower limit WB of the 
pillar-shaped work piece W ], and is supplied to a condensator 112. 
[0046] 
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When a temperature gradient is always uniformly unmaintainable, it becomes impossible to perform 

normal single crystal growth by the following reason. 

[0047] 

For example, seting the cooling power of a condensator 112 constant and seting temperature of upper 
limit WT constant, if a temperature setup of a lower limit WB is changed, a temperature gradient will 
change with a natural thing. In case especially a long single crystal is manufactured, change of a 
temperature gradient becomes large. In this invention, it is a solvent's used as place of source material's 
dissolution and deposit existence band that a temperature gradient has substantial semantics. 
Temperature Tt in upper limit WT = under certain conditions, if the temperature Tb of a lower limit WB 
is reduced from temperature Tb 0 to temperature Tb 1 at the time of growth termination at the time of 
growth initiation, the temperature gradient formed based on the temperature gradient of Tb-Tt will 
decrease in monotone from the maximum at the time of growth initiation, and will become the minimum 
value at the time of growth termination. 
[0048] 

Generally, if the constituents differ, as for a single crystal, the optimal degrees of supersaturation for 
growth differ. Therefore, under the conditions which a temperature gradient dwindles as mentioned 
above, in the case of the matter which makes the small degree of supersaturation by the small 
temperature gradient at the time of growth termination the optimal growth conditions, it passes 
superfluously, and heterogeneous nucleation will be promoted and will other-crystallize by the large 
degree of supersaturation by the large temperature gradient at the time of growth initiation. On the 
contrary, in the case of the matter which makes the large degree of supersaturation at the time of growth 
initiation the optimal growth conditions, the dissolution and a deposit do not catch up with the fall 
velocity of the lower limit temperature Tb which descends with constant speed, but solvent fall velocity 
falls, and a solvent will solidify, before reaching a raw material rod lower limit (pillar-shaped work- 
piece lower limit WB) further. 
[0049] 

Moreover, the tip section of the cone-like crevice formed in the lower limit of a bearing bar can be made 
to generate seed crystal. In order to grow up a large-sized single crystal, the seed crystal used as the 
nucleus of growth is required. However, depending on the matter, acquisition of the seed crystal itself 
may be difficult. In such a case, after preparing cone sedentary reeling **** in a bearing-bar lower limit 
as mentioned above and carrying out a nucleation by that point first, it is possible to form the seed 
crystal of the size which this small nucleus is deposited continuously and covers the whole cross section. 
In order to prevent polycrystal-ization by heterogeneous nucleation in that case, cone sedentary reeling 
**** prepared in a bearing-bar lower limit processes a mirror plane, and it is still more important for a 
tip to consider as the configuration which changes gently as Rth page. 
[0050] 
[Example] 
[Example 1] 

The manufacture experiment of a SiC single crystal was conducted on condition that versatility using the 
temperature gradient furnace 100,200 shown in drawing 1 and drawing 2 . The temperature gradient 
furnace 200 of drawing 2 is the same configuration as the temperature gradient furnace 100 of drawing 1 
except the point equipped with the cylinder 202 made from heat-resisting material which holds the 
pillar-shaped work piece W in the fUrnace. The same reference mark as the inside of drawing 1 was 
given to the part shown in drawing 1 , and the corresponding part. Bore phi 1 10mm and the cylinder 202 
made from heat-resisting material of the adiathermic cylinder 104 which constitutes the idiosoma of a 
furnace are bore phiSOmm. As the quality of the material of the heat-resistant cylinder 202, two kinds, 
an isotropic graphite sintered compact and BN sintered compact, were used. 
[0051] 

The raw material rod 10 and a bearing bar 16 are a cylinder-like SiC sintered compact (B addition as 
sintering acid.). It carried out 99.5% of consistencies TD. All made the diameter three kinds, phi 12mm, 
phi20mm, and phi35mm, and die length made them 78mm of raw material rods, and 20mm of bearing 
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bars. The pellet type whose thickness is tl.5mm was processed and presented by three kinds whose 
diameters are phi 10mm, phil8mm, and phi32mm, using the high purity silicon as a solvent 12. Seed 
crystal 14 was made into the bearing bar 16 and the diameter of said, was processed into disc-like [ with 
a thickness of 0.4mm ], and was attached in the lower limit of a bearing bar 16 with carbon adhesives. 
[0052] 

As an initial state, the temperature Tb of the lower limit WB of the pillar-shaped work piece W was set 
as 1800 degrees C, and temperature Tt of upper limit WT was made into 1400 degrees C by initial 
setting of deltat. The temperature gradient was always maintained [ mm ] in 4 degrees C /. Moreover, 
control of the upper limit temperature Tt was performed with two kinds of gestalten, the case where 
temperature of the silicone oil of a refrigerant is fixed, and when it is made to change synchronizing 
with descent of the lower limit temperature Tb. The temperature fall rate of the lower limit temperature 
Tb was made into 1.6, 3.2, and 4 [ 6.0 or 10.0 degrees C //h ] levels, and was made to lower to 1780 
degrees C. Manufacture conditions and the obtained single crystal die length are shown in Table 1. 
Under the terms and conditions of this experiment, 30mm which is the migration die-length limitation of 
a solvent 12 becomes the upper limit of single crystal growth die length. 
[0053] 
[Table 1] 
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[0054] 

pillar-shaped, when the case of growth rate 0.4 mm/h is compared, and you have no heat insulation 
cylinder ( drawing 1 ) - the quality SiC single crystal with a die length of 30mm was obtained by 
diameter phiof work piecel2mm. moreover, pillar-shaped by using the heat insulation cylinder 202 
( drawing 2 ) made from a graphite -- it was possible to have grown up a SiC single crystal with a die 
length of 30mm even diameter phiof work piece20mm. furthermore, pillar-shaped by setting the quality 
of the material of the heat insulation cylinder 202 ( drawing 2 ) to BN - the SiC single crystal with a 
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growth die length of 30mm was obtained even diameter phiof work piece35mm. 
[0055] 

Moreover, even when temperature of the refrigerant silicone oil of a condensator 112 was fixed and the 
heat insulation cylinder 202 made from BN was used, in the phi35mm diameter of a pillar-shaped work 
piece, the growth rate which can obtain growth die length of 30mm was to 1 .5 mm/h. On the other hand, 
when changing the temperature of a refrigerant silicone oil synchronizing with the lower limit 
temperature Tb, even if it made the growth rate into the high speed to 2.5 mm/h, the quality SiC single 
crystal with a die length of 30mm was obtained. 
[0056] 
[Example 2] 

SiC single crystal growth was performed using the temperature gradient furnace 100,200,300 shown in 
drawing 1 , drawing 2 , and drawing 3 . The temperature gradient furnace 300 of drawing 3 is the same 
configuration as the temperature gradient furnace 100 of drawing 1 R> 1 except the point which was 
equipped with the well-closed container 204 made from heat-resisting material which holds the pillar- 
shaped work piece W in the furnace, and has arranged the solvent container 206 to the blast furnace 
bottom as a solvent source of supply. The same reference mark as the inside of drawing 1 was given to 
the part shown in drawing 1 , and the corresponding part. The well-closed container 204 used the 
isotropic graphite sintered compact. In addition, it experimented also about the case where the solvent 
container 206 is not arranged about the temperature gradient furnace 300 of drawing 3 . 
[0057] 

pillar-shaped - it carried out to 0.4 degrees C (growth rate 0.1 mm/h)/h in diameter phiof work 
piece 12mm, diameter phiof solvent pellet7mmx thickness t0.6mm, the initialization temperature of 2100 
degrees C of the pillar-shaped work-piece lower limit WB, and temperature fall rate, and the SiC single 
crystal growth die length until a solvent volatilizes by prolonged operation and growth stops was 
measured. Other terms and conditions apply to an example 1. A result is shown in Table 2. When the 
solvent container 206 has been arranged using a well-closed container 204, it turns out that operation of 
long duration is attained most. 
[0058] 
[Table 2] 
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[0059] 
[Example 3] 

In the same equipment configuration as an example 1, the electrical resistivity between the lower limits 
WB of the pillar-shaped work piece W and upper limit WT in a SiC single crystal growth process was 
measured. A result is shown in drawing 5 . in addition, operation conditions are pillar-shaped among the 
terms and conditions shown in Table 1 the temperature fall rate of 10.0 degrees C/h, and the growth rate 
of 2.5mm/h - it is the case of diameter (diameter of growth single crystal) phiof work piece35mm, and 
the heat insulation cylinder use made from BN. 
[0060] 

When the lower limit WB and upper limit WT of the pillar-shaped work piece W are used as a 
measurement edge, respectively ( drawing 5 (a)), an electric resistance value falls linearly with crystal 
growth, the point of inflection in the middle of growth (arrow head) is seen from correspondence of time 
amount, and is in agreement with the initiation time of polycrystal-izing, and the abnormal occurrence 
like a single crystal growth fault is detected clearly. Moreover, even when the up-and-down susceptor 
1 14,1 10 is used as a measurement edge ( drawing 5 (a)), the abnormality point is detected clearly 
similarly. 
[0061] 

Moreover, the radial temperature distribution of bottom end-face ****** of a work piece in each point 
of measurement were measured by using a path phi35mmx die-length LI 00mm graphite solid rod as a 
dummy work piece. Measurement was performed from the inferior surface of tongue of a dummy work 
piece by inserting a phi5mm W-Re thermocouple in the measurement hole which punched the location 
of 1mm. A result is shown in drawing 6 . It turns out that the homogeneity of distribution is secured 
whenever [ field internal temperature ] by using an up-and-down susceptor as a measurement edge. 
[0062] 
[Example 4] 

Seed crystal by deposit of a SiC single crystal was produced using the temperature gradient furnace 400 
shown in drawing 4 . The temperature gradient furnace 400 is a configuration for forming sedentary 
reeling ****** 208 of a cone form in the lower limit of a bearing bar 16 in the temperature gradient 
furnace 300 of drawing 3 , not using [ instead ] seed crystal 14, carrying out the nucleation of the single 
crystal from this crevice tip, and growing up a long single crystal by making this into seed crystal. As a 
result of processing under the terms and conditions shown in Table 3, the SiC single crystal of high 
quality with a die length of about 1mm (from cone sedentary reeling ******** to 7mm) could be 
obtained from the bearing-bar lower limit, namely, SiC seed crystal was able to be invented inside 
equipment. 
[0063] 
[Table 3] 
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[0064] 

[Effect of the Invention] 

According to this invention, the temperature gradient of the request which was suitable for growth of a 
single crystal, without needing migration of the source of heating is formed using a temperature gradient 
furnace, and the temperature distribution within a perpendicular field are also equalized to the growth 
direction, and the method of manufacturing a single crystal continuously is offered. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a graph explaining the sectional view and process which show 1 operation 
gestalt of the temperature gradient furnace used for the approach of this invention. 
[Drawing 2] Drawing 2 is the sectional view showing other operation gestalten of the temperature 
gradient furnace used for the approach of this invention. 

[Drawing 3] Drawing 3 is the sectional view showing 1 more operation gestalt of the temperature 
gradient furnace used for the approach of this invention. 

[Drawing 4] Drawing 4 is the sectional view of the temperature gradient furnace used for the approach 
of this invention showing another operation gestalt further. 

[Drawing 5] Drawing 5 is a graph which shows aging of the electric resistance of the pillar-shaped work 
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piece measured by the approach of this invention. 

[Drawing 6] Drawing 6 is a graph which shows the radial temperature distribution in a pillar-shaped 

work-piece edge and a susceptor edge by the approach of this invention. 

[Description of Notations] 

100,200,300,400 - Temperature gradient furnace 

104 - Idiosoma 

106 — Centrum 

108 - Induction-heating coil 

1 10 - Susceptor for heating 

112 - Condensator 

1 14 - Susceptor for cooling 

10 - Raw material rod 

12 - Solvent 

14 - Seed crystal 

16 - Bearing bar 

W - Work piece 

WT - Work-piece upper limit side (cooling end face) 
WB - Work-piece lower limit side (heating end face) 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a graph explaining the sectional view and process which show 1 operation 
gestalt of the temperature gradient furnace used for the approach of this invention. 
[Drawing 2] Drawing 2 is the sectional view showing other operation gestalten of the temperature 
gradient furnace used for the approach of this invention. 

[Drawing 3] Drawing 3 is the sectional view showing 1 more operation gestalt of the temperature 
gradient furnace used for the approach of this invention. 

[Drawing 4] Drawing 4 is the sectional view of the temperature gradient furnace used for the approach 
of this invention showing another operation gestalt further. 

[Drawing 5] Drawing 5 is a graph which shows aging of the electric resistance of the pillar-shaped work 
piece measured by the approach of this invention. 

[Drawing 6] Drawing 6 is a graph which shows the radial temperature distribution in a pillar-shaped 

work-piece edge and a susceptor edge by the approach of this invention. 

[Description of Notations] 

100,200,300,400 - Temperature gradient furnace 
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[Drawing 1] 
En 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 6] 
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#B 2000-26479 0-£&fft (ftl^MMH) 
[0 0 1 1] 

[0012] » 
[If H£ 2> /t £>£>^ IK] 

•j a* ? * * t *u »s #*w>±« '?-if<7>±^tir ±mimK. mums 
m»k*«a*** 

[0 0 13] 

t3**ok#v»* tt«t7-^rt^>fij*43fiaofta^±#tL"cpiT+*. rawt* J* 

W±«o«I*+'no#»C i: « K#fc±S8fcl<a»Ti:a** A (4 fctt*ft+©*ttA 

«Wr) OITFfc J: $itlS»fcS»A****** 
[0 0 14] 

[0015] 

*»W^#8cfflv»*B*ige*P«9B£«*S19!t*o BSL<:B**JB*P 1 0 0 
li, H«JBIH*:**"U BoiTafofci&oTnH^lifl:©*^** 1 *!), Btt£*>+«&> 
tbt*trnetM*ft£BBfl'C*%o 0 4tfKSM*Jft-Cft&ttT*»K « 

[0 0 16] 

ntt«o+^»i o 6 At, Atttti o. mi 2. w$a&i 4. 6^&jft»n 

&B7-*w#±$J3i:o £ T$*4>£SEl 0 6 0MJ9J:ffX#MU*fc**itt£#* 
[0 0 17] 
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<5> TP 2004-315281 A 2004. 11.11 

[0 0 18] 

pmi7C7-*W*:>Tag® (Rfl#l OOTiBlB) WB JiRf^ST-* ») , T*U**»# 
flBfca-f * 1 0 8K£oTtII&?ftSo «»J!lD*3-f .VI 0 8 i 7-*WfiDT3§BWB£ 
^HC*tt**J)ql!!kfl"fr-fe7** r 1 1 Ofi, &#7~*WcOT&®WBKS&5§1-<&Rtg#7 

4 *i o sji, n^?' i i ooRaan i 0B*W7^^rgea?ti<>o i<^i 

[0 0 19] 10 
4*. R&91 1 QBtt75>*»l l 0 AOgi5#ffi&tt**£KL£*gff>£R1l4K 

cLUi, retell i o B^^ftc**-?**** »«?3^ jh o 8-r-n@jn«fe?it 
s&i i 0B»£»riMSfi£**«to* , **K «KifirtM£*wft-tt««t:3i i<4 

[0 0 2 0] 

Z<0£ J )KWmifll&3 4 fri 0 8 t7-*T5S@WBi:«>ea£tfL 4H£t*J)DlMJ*-fc7* 
*1 10UJ:oT, i£iftjq&3-f *1 0 8*-«>'7-*'TSiiWB'NO«fe«**^<t$n, 
9-*T»fflWB£##i&*fcJllJI!k34t*. *MM§*-fc7* HOli, 

[0 0 2 1] 

rs^v - * w<o±«8bjwt t r^b^* *> > zntttfamw. itzn&Gmmifiv 

LOWaLTfei), ffieDSRffili*Sflljit'**o «*P»l 1 2 fc 7-?±$®WT to 
»t^t4»*Pffl*t^* 1 1 4tJ:o-C, 7-^±j»SSWT*^»#S1 1 2^0«b 

[0 0 2 2] 

•fc7* 1 14 J: 4 Mil A t t^SK£&U-Ca^B9»L-C^ 
[0 0 2 3] 

*Bft3tt%7-*TS«iBWB*>fiKTbtt» *D*3'fJH 0 8* tViRfom**'? 9 1 1 

[0 0 2 4 ] « 
*&£|]£*U-> 7-?_LSg@WT<7>S£T 1 14* ?&*Pt*l 1 2 feia^Spffl^-fcT'^ 1 1 4<7> 

a£&frf?&1-*£*u«fcij, (*£PM) ifctf-C* 4. 

[0 0 2 5] 

JA±eJ: •? U^7-^WcoTOTB^O]!)D^t±OTT^co^^*^n^it]!)ii«fcffl*-t 
7** 1 1 0*»*Wn*-fc7* 1 1 4*ffl^TfT*^ cii^J: SttV-^^I^on 

R«>#&*#tf * ? & 4 «> T\ 9 - * WOT##- *> ±#'V*H K SlfiT 1 4 S. 
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(6) JP 2004-315281 A 20W.ll.il 

[0 0 2 6] 
[0 0 2 7] 

*&m<oumKts»xit, «ea«fl-tts^«fl-*i o 1 2*:frL-t«*§s (* 

[0 0 2 8] 
[0 0 2 9] 

[0 0 3 0] 

iUftoHWA (aawn j = o ) tu, stun 1 o o±«& 1 2 1 <r>&mn% 

?Z1 0 CftoT* *fi*f[*^TV»4^7 W 1 2KftfiT, 

2*fr£lfcL.T, #K1 2 fcftttAl 4<OTfigt^H® (ft? Z 2 0 ) t^J^LT, 
**«**«««frWtt*B#*W^»*l 2*&«i*l 4 0>T«fiiSfc#rdJLT, ISA 
[0 0 3 1] 35 

1 1 2(OnZ*m%:L-C$iiPm*4i-?? 1 1 4 fcOWBA t ggltfcftSl (A t=it 0 
+ 0) fc*J*U M««>il** f *ft1-*4W^o 
[0 0 3 2] 

sfi&ftHttL&j?* ««4n»3-fH»i 0 8oto**itefl9HT»fCTjiwBoaft*a 
m*?? 1 1 4ifiorap§A t««w«& to mM?**, ±s»wt*>sk* 

iflWB J: * K*fi»»S*4, i«>fift43E*©*ai»U©*Sil, EW&KoSfi?* £ 
[0 0 3 3] 

SDo **D, U¥fTfMttU B«U»«fit11H. (TiSSft?/±fiSft?) X~%tls ft 
WO CZ 1 o /Z 2 0 ) jfl J i K#»t& CZ 1 , /Z 2 , ) KiPfti-ft. *£LS 
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10 0 3 4] 

BijSLfcJ. *JJHfi*4jB«D, tt®m<?>Ti%&%/ ±ffi&8t (Tb,/Tt.) T 

nn j , -coaa^saD i j i witt/att ct b , /t 

t, 1 -C*£SHT^&. g^ESSD. x D, tf^Tiliaa?*")* ±5S§ • Ti§a& 
Stt*i:-£-C*4o 

»* &a t *-f c ae t -c Mfi t « ? * * i i #t * a . 

[0 0 3 6] , . „ 

«tt l 2 fc UTtt, *»*Bift«i*©ikA4 fcttjM* • SMS* »Hftv*»A**-*-4 * 10 

otflwi. mi 2ofift?if («»»t i -wtasftT 2 ) o ooit&a 

<**<» 

[0 0 3 7] 

**r*-4 4 ifcj&*?*4 0 toi^K^ts MSH-ettfluK-ey^ 

j6*A4fc*» Ktt#lil»*Kfcf4. 
[0038] * 

tttt7-*w4'a-«n4trfl'jj»ft*4n«rtuEa-j-4it* i s4 l^. a&tu o 4<ofl 
jsiaTftSE$4t4^fiit, tttt7-^woniSiiit<owtrtBBi*^rtti'4» 

tttt7- *W«rtaffl*6»StfUJ:4a»*#a±LT, a£$JE©gEU)*#ISfflfcffl 
* fr* *>*&-tt»T«)*H Ki 4 4 • i *>«fi] 7 - * a*ttHt+4 « irBWE-f t + 4 . 

tttt7-^*»fttt=»»»ni»rtusi-r4it^ tttt7-.^«>nHH*)t 

it. XIB#X^»*ft*WJkl.T*fiK4iiltt***ft**4ii:* l 'C*4, 
[0 0 3 9] 

a**BS£fti3Jrtf*»Bflfi*#HtjM8»3*t4« 
[0 0 4 0] 

a - t j: &&imn*t*ikfr & *4 & is* l & i a* « ^4 i t § 4 0 
»k <aj»a*^>ft*K#a-c*4» 

[0 0 4 1] 

a«^as*ftK ioTtt, ft^n©a«u*^T»sc i4a»«>a^* f SB3it* 

t)k«HaiWKaafl»a*BaT*ifcuj: §»rtuaa«ftji*awtta^$ 
awta?***** aa«!>»»a*tBJbLT«i»a»«t jt o*Roa»at»»-#- 

[0 0 4 2] 

tttt7 - »<0±Jti TSUfc OBoa*tatfc*ag Uv £$>agafca-9*v»T gfefi&ftft 

**atbi-4it3ft«t?*4o *fts*4*ttafcit<<T, *iwiij5j:ffai*iiHi«^** 
ie*{i4?£i-4tJ#«om^;stn;^Jt f )±fti:Lr^m^n;^^<> att7- 
^©«»w«m«»a;ii*ttAw*ft»:i*i/»a^i-4o £**««LTJ|ittA«>aft** 
*A»*atb-*-4£ 4jt«ft»*fDoRft*jj»?), aaaHrtRH-eoaftaa ( 

=»»ffia«BTa«) iti*«wLTa«&a»»auti:aa^Ea»a 50 
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aut t * - a * * * £ * ** -o # * „ 

[0 0 4 3] 

LTiBS-r* i t £ x *) , fl*»©aftu * [ami-.© £ i *«-cs * 0 

[0 0 4 4] 

*»fccjto-r«iPT#* 0 *»Krtsat«s»e#*j), fift©±fftcj:t)«j!)DL, *© 

[0 0 4 5] 

friJiJB**:/* 1 1 4 i©HKBIWA t*e»*\ 8tt7-*W©T*WB©J!lDfcfi*Tb 
**4jE**M*lfco fc£U £*iUHft1-**Sli<:<, &#«7- ^W©TffiWB©SB 

^-fi©a*«5B**»-r*£fci-cs*. 

[0 0 4 6] 

M4jE*1H»-SfeU|U»-C4ftwt, TE©8a^jE*4*«A*ft*«fT4;t4 <£4 
°[0 0 4 7] 

01* tf, 1 2©*»|&*-fcfcLT±«WT©Wt*-ftfc Lfc4 4, TSSWB 

©SttKie*Se*HtfSjS©£ i ***e.flKa3Ert«ft+*. #£«*©£«*»«-*- 
*BRU{iM45E©*'fb& 1 **<44. *&lHfcfcnTUU &&4gE# f &ftftft£K*tt 
o©rt, ^#^S©fgft?^J:y f ifrfii©*li'5:*^©^i£^JSi'C**o ±»WT?©fi«S 
T t — fi©*ftTTf«, T«WB©&9^ b*rtftn«ft*S&T b, *&*ft»Tl»a 
KTb, 4"CfltTS**t* Tb-T t©flKHIcS^v»T«***t*ji*43Ert, Aft 

HWwft^tt^^illilua^tTrtft^Ti^U*^*^**. 
[0 0 4 8] 

^^^^©Mttff^^ntfttftKfta^iiftm^^^. LfctfoT, 

±SE©J: i U}tJt^K5j ? $MT4&ftT-'C ; ii* Jftft»7P*©/h 3 v*afc*JEfc ****** 
afi«K**a*ft*ftfc1-4»H©H^ctt, J*ftH*&P*©**u»fiJfc4gBKJ:*** 

K> AftBtei*©*$b>fl^K*g3Aft£tt £*&*£©«£-£(*, -aajftTITF 
-r*T«fiSTb©l*T*«*;»»-4fftbj6 f ii<r»o^-f, fclfcfcTautiWSTU Sfcli 

[0 0 4 9] 

4£> ffi&A*, $»#©TaK«*8ft^n««ia»©SfeWK4j«5*4£t#-c* 
*« *S©J[U8A**ftS**>fc*fctiU ftft©tt£*«ttftA4<£g-C**» £*£L» 
gKJoTlijBfcA&fc©A^#H&*©'0T&*** < , *©J:?*»*CUU ±|£©J:oU 
$*»T«KRSItf»D»*R»t, ftf*©*»«T*ft*«*fctt, £©***«£» 
igft fc#f til * -tTja WStefr* X ©fttt A * £ t j&'PT tfe-C* * , 

*©&* TO-*4*KJ:*#fiAfk<:tt±i"***K, £^TttKtt>t%PmM9 
HUtafflfciQIU MUftsgJiRSt LT^^CSMb?*^*?* ££*<££?** 

*[0 0 5 0] w 



http://www4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/. . . 1/31 /2006 



Page 1 of 1 



(9) JP 2004-315281 A 7X4. 11.11 



i ) 

^it^fcfTtfofco 02?>ia!££jBS*P2 0 OiJ, £#7-*W*JDt^t&itsyti^R 

«2 o 2*ipi*jc«iLTv**Akntt, ai<om«^i£^i o o k®zm&x-&i> 0 mi 

1 0 4«rtg^ 1 1 0 mm, imftA-KRiS 2 0 2!iF*]g4 5 Ommtii, 
MSB* 2 0 2 0tff L-C(4x <f*ttS«6««l#*J:O r BN«te#^>2tta*ffl^fc 

'[0 0 5 1] 10 

. 5%TD> t Lfc<> '^fft'i, E£»* 1 2mm, *2 0mm, f 3 5 mm«>3M£ 
L, 7 8mm, £*«2 Ommt L*. Ml 2 £ fCWR** ') 3 Vim 

g'dri 5 * 1 0 mm, 418mm, 4 3 2 mm0 3®itf $i l t 1 . SmmO^k? 

flUU 1 6 0T«K*ttttfc o 

[0 0 5 2] 

«Mil9#afc IT, a«t7-^WOT»WBOiM£Tb*l 8 0 OtJCRieU ±i§WT« 
SJSTt JiA tOttWSftUJli) 1 4 OCCfcUfc. fi*4jElitt*4r/mmK*8L 

MK T b ©*TU R US L T^-ft 2 asp^si-cft * o tz* TtfaftT b <?> 

ftUKttl. 6, 3. 2, 6. 0, 10. 0t/h^>4*fiL, 1 7 8 0tJ*TM 
saftft£»fcftfc*ttfl***Slfc*'ro £«*USfc>»*»TTNi, 911 
2«?iMftftSHff*C*a 3 0mm*<lM8a*ftJ6 3O±IH£fr*» 
[0 0 5 3] 

[an 



as 


MSB 

a& 


£5 

as 

WW 


®^tJ&m>>G$ C** : mm) (*») 


091) 


032) 


BNSSBSJfifllS 
032) 
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620 
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61 2 
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30 
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30 
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3. 2 


O. 6 
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30 


6 
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30 


6. 0 


1. 5 
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1 8 


10. O 


2. 5 


O 








4 






19 
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1. 6 


O. 4 


















30 


3. 2 


O. 8 


















30 


6. O 


1. 5 


















30 


10. O 


2. S 
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(*&)$*61 2. 620. 635l#f!*£a<0& (mm) 



£££K0. 4 mm/ h Sr&RHfrL (121) *>**fcli«Mft7- 50 
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(10) JP 2C04-315251 A 20JM.ll.il 

20 2 (12) *S^4Iif:Jt 2 Ommtif ?3 Offlm^S i Cf 

&a£&g &T-&ofc c H:, ir&Riii2 0 2 (02) oo#g*BN*f 
tX-&tk t ?-?& 4 3 5mmf<))Rff?3 Omm^S i C&g&vmhiifi:* 
[0 0 5 5] 

t£, ftsflgl 1 2©#&V'J 3>*4>©^*-E£L£^&Kfi, BNSS«>8r&R 
(12 0 2 *JHt**:® * 3 5mm^7-^g-e«3 0mm«gH#^Ji 

TM£T bCiRHLTMHci&Cii. &g&££2. 5 mm/h 4 Tfc&fc LT 
tgi?30mm*5£fit*S i C&8&i>mhft£o » 

[0 0 5 6] 

C^.^jfi'!) 2 ) 

@1 ! 1112^ H3fctfLfcfi*43K*F 1 0 0, 2 0 0, 3 0 0*S^tS i C#££M 

0 4 fcJFWfcflM.* *ojMHMfr«fc U"C^S^2 0 5 *££KEB LfcjflUiUltiU [9 
1©S*43K*P1 0 0<fcfBJi;»)£T-&<> <> HlU*UfcaEttt«'l6'f*aW2KliHl+4 

[0 0 5 7] 

Stfc7- 1 2mm, fcflMU * f& 7mmXHS t 0. 6mm, Stt9-^TSS » 
WB ©WfflSSeiaft 2 1 0 0*C, ft&&£0. 4"C/h <&JE5gg0. lmm/h) it 

„ ttOSg&ttfi&JIfl 1 Ki£-f «o ^*g2K^t 9 ?&H§g2 0 4 *Jflir>*>o*flE£ 
t£2 0 6 *E«Ufc»*t***>»H«J»**WttK**ifc^flTS'*o 

[0 0 5 8] 

[2,2] 



£2 





1 


2 


3 


4 


















BBSS* 




















(mm) 


5 


6 


1 5 


24 (*) 



40 



(*) 8Sf?ih£T?. 



[0 0 5 9] 

K^LfciSffcft fta&KlO. Ott/h* &ft&ft2. 5mm/hvft^7-^ 
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(U> JP 2G04- 315281 A Z004.ll.ll 

[0 0 6 0] 

&#7-*W?>TSJgWB, ±.t&WTi*ii*'iW£&b LZmi? (1115 (a) ) it, 

HTi-^o ifciW-b^l 14. 1 1 0*fflfe1&t lfc»<fr (0 5 (a) ) 
[0 0 6 1] 

& $ 3 5 mmXfi? L 1 OOmmOl«#*?'^- , 7-^2: Lt\ 

[0 0 6 2] 
4 ) 

@4£jjt-t&J£^@ei;p4 0 0 *^^TS i CBI§S<iO*rihM<l:*ttlSS^II*^f»o^ 

«► &*^l£^4 0 Otf. ®3<7>jgJ£*>E*P3 0 0 K.&><>xm&& 1 4 

*)K£J#^ 1 6*>TSifcH*#Otf*»)l!!ISIl2 0 8£g£it> £4>l»]2Mfejf4>fe3&£*& 

»*ft-efca*ffftofc*MK S^TSg^^lmm <nft£**ftM*fe 7 mm) 

[0 0 6 3] 
[S3] 
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£3 





£ 1 5 mm 




4 Omm 


nsmtsm 


* 1 OmmxggJ 6. 2mm 
\3fcjfmrtu. tmnnj 




6 Omm 




* 1 3 x t 2. 5 


tjssssk (Tb) 


1 900t 


±*ISi5gi£S (T t) 


1 7 0 O'tJ 




2. Ot/mn 








o. i*d/h 


AMIS 


0. O 5 mm/h 




1 5 2 h 



[0 0 6 4] 30 

*tttt n * as «• H jt 1- * *Hfttt * ft * • 

[0 2] 02WU *Mo^ttlcffl^«flK4S^«>4ft0!)Xai«S1:9'rifBIB-CJb« o 
[03] lo*jHg*friR-rifiBBI^* 

[05] H5HU *^»^»UJ:«)afttfctttt7-^«m«»ttott^*<t*v1-^ 
[0 6] B6tiU *M«o^«uj:«jtttt7-^«*J:o E *-t^^iB-e(0#ftJ&«iiaft»' 

1 0 0, 2 0 Ox 3 0 0, 4 0 0-fiE45»P 
1 0 4 -H«ffi 

10 6-+SSB so 
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1 0 8-"»*MSfc3'f * 

i i oHMM-**?* 

1 1 2-^*5U 

1 1 4-$>&mV-k79 

i o-mnm 

1 2-*» 
1 4 -ttftA 
i 6*-3:fHi 

W--7- * 

WT-7-*±35S® («4SiB) w 
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